Abstract. The Clavien-Dindo (C-D) classification is a simple and feasible grading system of postoperative complications. The aim of the present study was to apply this system to retrospectively classify all types of post-pancreaticoduodenectomy (PD) complications (PPCs) and to systematically identify associated risk factors. Between January 2009 and December 2014, the C-D classification was applied to retrospectively classify PPCs for 1,056 patients who had undergone PD at the West China Hospital. Univariate and multivariate analyses were performed to link perioperative parameters and mortality with the severity of PPCs, which were subdivided into overall PPCs (Grade I-V), severe PPCs (Grade III-V) and mortality (Grade V). The number of patients with Clavien-Dindo grade I, II, IIIa, IIIb, IVa, IVb and V complications was 185 (17.5%), 128 (12.1%), 50 (4.7%), 25 (2.4%), 35 (3.3%), 19 (1.8%) and 33 (3.1%), respectively. A total of 475 (45.0%) patients experienced overall PPCs; 168 (15.9%) patients experienced severe PPCs; and 33 patients succumbed to mortality following PD. The following risk factors were identified following PD: Preoperative hypoproteinemia was correlated with all three subdivisions; obstructive jaundice was associated with severe PPCs and mortality; and older age was revealed to be an independent risk factor of mortality. A large retrospective study was performed in the present study and PD was correlated with a high occurrence of PPCs. The Clavien-Dindo system represents a broad applicable and feasible approach to evaluating PPCs in patients following PD. The independent risk factors of PPCs that were identified in the present study require further validation using the Clavien-Dindo classification in additional prospective studies.
Introduction
Pancreatoduodenectomy (PD) is the main surgical option for pancreatic neoplasms, duodenal neoplasms and other lesions located in the pancreatic head and periampullary region (1) . Despite the prompt progress in surgical technologies and the persistent innovation of postoperative treatments over the last decades, post-pancreaticoduodenectomy complications (PPC) remain around 30-60% (2-4), which may lead to several potential poor outcomes, including prolonged hospital stays, increased medical costs and mortality, all of which also affect pancreatic surgeons and researchers. Therefore, assessing outcomes and quality of PD has triggered interest in measuring and evaluating PPCs.
In most previous studies, various definitions and classifications were applied to access specific PPCs. For example, the International Study Group of Pancreatic Surgery (ISGPS) have formulated a series of generally acceptable, objective definitions and classifications for postoperative pancreatic fistula (POPF), post-pancreatectomy hemorrhage (PPH), and delayed gastric emptying (DGE) following PD from 2005 in order to facilitate objective and accurate comparison among different surgical experiences and diverse associated studies (5-7). These classifications have been widely used and favored by numerous studies (3, 8, 9) . However, there are a number of limitations to these classifications: i) They are only focused on specific PPCs, including PPH, POPF and DGE; ii) each system has complicated and unique assessment criteria for only one type of PPC and therefore, one type of classification is not applicable to others; and iii) synergistic efforts and risk factors cannot assessed among these diverse classifications (10, 11) .
Owing to a lack of uniform classification, it is difficult and unfeasible to uniformly interpret various PPCs. In 1992, Clavien et al (12) established the Clavien-Dindo (C-D) classification, a simple and feasible grading system for all types of postoperative complications. The C-D classification system is characterized by a consistent therapy-oriented, 4-level severity grading, discriminating overall PPCs, and has been increasingly applied to evaluate surgical practices (10, 13, 14) . However, to the best of our knowledge, this grading system has not been used to evaluate PPCs in a large-sample cohort. Therefore, the present study applied this system to retrospectively classify all PPCs and systematically identify associated risk factors in our high-volume pancreatic center. (16) . Rare complications were defined as those with an incidence of <1% of all the included patients. All complications were defined according to the Clavien-Dindo classification (12) . Mortality was defined as any patients who succumbed over a 60-day hospital stay, regardless of cause. These were graded into overall complications (Grade I-V), severe complications (Grade III-V) and mortality (Grade V) based on the PPC-related intervention (e.g., medical treatment or an invasive intervention) or mortality.
Patients and methods

Patients
Statistical analysis. Table I presents the descriptive statistics of basic characteristics and surgical details. Table II presents the inter-grade differences of each PPPC which were compared with rare complications using the Ridit test. Table III presents univariate analysis of risk factors of all C-D classification. Normally distributed variables are reported as the mean and standard deviation and compared using Student's t-tests. Non-normally distributed variables are expressed as the median (range) and were compared by Mann-Whitney U-tests. Categorical data were compared using χ 2 test, with Yates continuity correction in a two-way contingency table, or Fisher's exact test. Additionally, Table IV presents multivariate analysis, which included the potential factors with P≤0.05 in univariate analysis. And it was analyzed by binary logistic regression with conditional backward selection of potential factors. The results of the multivariate logistic regression analysis are expressed using P-values, odds ratios (ORs) and 95% confidence intervals (CIs). All statistical analyses were performed using IBM SPSS Version 22 (IBM Corp., Armonk, NY, USA). P≤0.05 was considered to indicate a statistically significant difference.
Results
Patient characteristics and surgical details. All basic patient characteristics and surgical details are summarized in Table I . Patient preoperative conditions included the following: 380 (35.4%) smokers, 223 (21.1%) with diabetes, 167 (15.6%) with alcohol abuse and 127 (12.1%) with chronic pancreatitis. A total of 122 (11.6%) patients underwent preoperative biliary drainage. According to the pathological observations, periampullary adenocarcinoma was identified as the major subtype (522 patients, 49.4%), followed by pancreatic ductal adenocarcinoma with 32.9% (347 patients).
The majority of patients underwent open PD (1,016 patients, 96.2%) and 40 (3.8%) patients underwent laparoscopic PD. During surgery, 319 (29.7%) patients were transfused with 1.56±18.52 units of blood on average. There were 105 (9.9%) vessel reconstructions and 44 (4.2%) multivisceral resections, which included colon (13 cases, 1.2%), liver (11 cases, 1.0%), small bowel (9 cases, 0.9%), spleen (4 cases, 0.4%) and kidney (8 cases, 0.8%). The mean postoperative hospital stay of all patients was 16.22±10.87 days. Pancreatic texture, tumor size, size of pancreatic duct and details of transfusion are presented in Table I .
Postoperative complications. Of all the included patients, 475 (45.0%) developed complications. Over time, the incidence of complications gradually decreased from 47.4% in 2009 to 44.0% in 2014. All postoperative complications are summarized in Table II . POPF, a major complication, occurred in 264 (25.0%) patients. Pulmonary complications, which occurred in 93 (8.8%) patients, were identified as the major systemic complication. There were 6 types of complication with rare incidences (<1% of the included patients), including biliary fistula, intestinal obstruction, chylous fistula, deep venous thrombosis, intestinal fistula and acute pancreatitis.
According to the C-D classification, all patients with complications were identified as having the following grades of disease: 185 (17.5%), grade I; 128 (12.1%), grade II; 50 (4.7%), grade IIIa; 25 (2.4%), grade IIIb; 35 (3.3%), grade IVa; 19 (1.8%), grade IVb; and 33 (3.1%), grade V. Compared with biliary fistula (incidence, <1% of all the included patients), the C-D classification identified the differences in severity, and the differences between disease grades as being significant (P<0.05, Table II ). With regards to disease grades, patients with grade II or higher disease, excluding grade V disease, which resulted in patient mortality, had significantly longer postoperative hospital stays than those with grade 0 or I disease (P<0.05; Fig. 1 ).
Risk factors for complications. Univariate and multivariate analyses of risk factors for PPCs were divided into three parts according to the severity of the C-D grade: Overall complications (Grade I-V), severe complications (Grade III-V) and mortality (Grade V; Tables III and IV) .
The results of univariate analyses are presented in Table III . The overall complications (Grade I-V) were significantly associated with chronic pancreatitis (P= 0.022), serum albumin (P= 0.048), laparoscopic PD (P= 0.014) and intraoperative transfusions (P= 0.001). Severe complications (Grade III-V) were revealed to be associated with an age ≥75 years (P=0.035), diabetes (P=0.010), total bilirubin (P=0.008), serum albumin (P= 0.034), hemoglobin (P= 0.001) and intraoperative transfusions (P= 0.001). Mortality (Grade V), was associated with an age ≥75 years (P<0.001), total bilirubin (P= 0.019), serum albumin (P=0.019), hemoglobin (P=0.004) and intraoperative transfusions (P= 0.038). Table IV demonstrates the results of multivariate analyses. In terms of overall complications (Grade I-V), the incidence was proven to be associated with lower preoperative serum albumin (P=0.016; OR, 1.475; 95% CI, 1.073-1.978). Severe complications (Grade III-V) were revealed to be associated with lower serum albumin (P= 0.009; OR, 1.623; 95% CI, 1.130-2.332) and higher total bilirubin (P= 0.048; OR, 1.443; 95% CI, 1.004-2.073). With regards to mortality (Grade V), an age ≥75 years (P=0.000; OR, 5.860; 95% CI, 2.321-14.979), lower serum albumin (P= 0.034; OR, 2.191; 95% CI, 1.063-4.516) and higher total bilirubin (P= 0.042; OR, 2.017; 95% CI, 1.849-4.789) were identified as independent risk factors.
Discussion
The present large sample cohort study was conducted to retrospectively analyze PPCs at West China Hospital. The C-D grading consistently classifies all types of PPCs with uniform and feasible criteria, whether postoperative therapy is required and which type of therapy is applied. Furthermore, these criteria have been applied to evaluate postoperative complications in a number of different surgical fields (17) (18) (19) . Therefore, its advantage is to respectively systematically analyze all risk factors associated with PPCs and to affect the final outcomes of PD. In the present study, certain independent risk factors were confirmed on the basis of the PPC-related intervention. Due to the fact that serum albumin is produced in the liver and normally forms ~50% of human plasma protein with unique functions of oncotic pressure maintaining, transportation and inflammatory reaction. Hypoproteinemia, a very common condition in preoperative laboratory tests of PD, has been identified as a reliable indicator of the nutritional status of a patient (20) . However, this is easily ignored by pancreatic surgeons, particularly modest hypoproteinemia (serum albumin ≤30 and ≤35 mg/l). In the present study, preoperative hypoproteinemia was correlated with PPCs, which was supported by a previous American retrospective study in 108,898 patients who underwent colorectal surgery (21) . The latter study evaluated the association between modest hypoproteinemia and postoperative morbidity, and revealed that patients with preoperative hypoproteinemia exhibited a higher incidence of hospitalization for >30 days, unplanned intubation and wound disruption (21) . Clinically, postoperative administration of human albumin is routinely infused to patients with hypoproteinemia following major abdominal surgery. However, persistent consumption, postoperative fasting, surgical trauma and development of PPCs occlude the extravascular deficiency of serum albumin and worsen the nutritional status of the patient. Therefore, preoperative hypoproteinemia requires consideration and necessary treatments to be administered, which means not only raising the preoperative serum albumin level, but also comprehensively improving the preoperative nutritional status of the patients in order to improve their surgical recovery.
-----------------------------------------------------------------------------------------------------------------------------------------------
Complications N % N % N % N % N % N % N % N % P-value
Overall complication Severe complication (Grade I-V) (Grade III-V) Mortality (Grade V) --------------------------------------------------------------------------------------------------------------------------------------------------------------
Owing to cholestasis from biliary obstruction, obstructive jaundice is a common clinical manifestation for diseases at the pancreatic head and periampullary region. Cholestasis also causes endotoxemia, impairs immune responses and suppresses intravascular coagulation of blood cells, which was believed to worsen the early outcomes of patients following pancreatic surgery (22) . These conclusions were also supported by the results of the present study, which demonstrated that jaundice increased the incidences of severe complications (grade III-V) and mortality (grade V) following PD. However, the outcomes of PD were not proven to benefit from preoperative biliary drainage, a common palliative intervention for jaundice, in the present study. This inconsistent correlation was also reported by a multicenter prospective randomized study in 202 patients with pancreatic cancer (23) . It was explained that routine preoperative Table IV . Multivariate analysis of characteristics in the Clavien-Dindo classification. biliary drainage is associated with a relatively high incidence of technical failure and technical complications, particularly drainage occlusion and cholangitis (23) . Therefore, routine preoperative biliary drainage does not benefit patients with obstructive jaundice who will undergo surgery (23, 24) . In addition, the exact mechanisms by which jaundice increases PPCs and the value of preoperative biliary drainage require validation in additional studies (25) .
With the gradually increasing number of older patients being considered for PD, the correlation between advanced age and PPCs has received attention from patients and surgeons. The results of the present study demonstrated that older patients (age, ≥75 years) exhibited a higher rate of mortality. However, this result requires confirmation. Older patients were reported to have similar morbidity and mortality rates than younger patients by an American retrospective study in 727 patients undergoing PD (26) . By contrast, another study enrolled 3,736 patients to determine age-dependent short-term outcomes following pancreatic resection by bivariate and multivariate analyses (27) . Older patients exhibited a significantly higher in-hospital mortality rate than younger patients (11.4 vs. 2.4%). They are also more likely to require care at an inpatient nursing or acute care facility at the time of discharge. Therefore, this result reminds pancreatic surgeons to cautiously recommend PD for older patients and to pay more attention to older patients with PPCs.
There are certain limitations to the present study. To begin with, long-term outcomes of pancreaticoduodenectomy were not evaluated in the present study. Additionally, the results of the present study were limited by the inherent defects of retrospective analysis, including information bias and selection bias. In the present study, however, all types of PPCs were evaluated as the uniform C-D classification. Univariate and multivariate analyses were performed in order to obtain reliable results. However, a further large-scaled, prospective study is required to evaluate the results of the present study and to obtain more valuable results.
A large retrospective study was performed in the present study and PD is correlated with a high occurrence of PPCs. The Clavien-Dindo system represents a widely applicable and feasible system for evaluating PPCs in patients following PD. The independent risk factors of PPCs that were identified in the present study require further validation using the Clavien-Dindo classification in further prospective studies.
